Objective: To study pregnancy and pregnancy outcomes in women with primary hyperparathyroidism (PHPT) and in controls. Design: Register-based retrospective cohort study of women aged 16-44 years with a diagnosis of PHPT with age-and gender-matched non-exposed controls in Denmark. Methods: The patients and controls were identified using the Danish National Hospital Discharge Register for the period 1977-2010. The outcomes were determined using the Birth Register, the Abortion Register and the LPR (National Hospital Discharge Register). The primary outcome was the relative risk of abortions in patients compared with controls. Results: A total of 1057 women with PHPT and 3171 controls were identified. The number of women giving birth and experiencing abortions did not differ between the two groups (live births, PZ0.21 and abortions, PZ0.12). Also birth weight, length, Apgar score, and gestation length at abortion did not differ. Within the first year after the diagnosis was made, gestation length was lower in women with PHPT than that in controls. However, this was linked to more deliveries by caesarian sections. Conclusions: A diagnosis of PHPT did not seem to increase the rate of abortions in our study. Reducing the abortion risk may therefore not be an indication for parathyroidectomy during pregnancy in patients with mild PHPT. The PHPT diagnosis does not seem to affect birth weight, length and Apgar score. The higher number of deliveries by cesarean section after the diagnosis was made may be associated with lower gestation age. The strategy for delivery should be carefully considered in pregnant women with PHPT.
Introduction
Primary hyperparathyroidism (PHPT) ranks third among the most common endocrine disorders after diabetes mellitus and thyroid disease, but it occurs rarely during pregnancy (1, 2, 3) . This can in part be attributed to the fact that PHPT most commonly occurs after the childbearing years. Another explanation could be that the disorder is generally underdiagnosed due to the physiological changes during pregnancy. Hypoalbuminaemia, increased glomerular filtration rate, transplacental transfer of calcium and the increased levels of estrogen all contribute to lowering serum calcium levels, thus masking PHPT (4) . In addition, the symptoms that may appear in relation to the disorder, such as nausea and vomiting, may be thought to be due to the pregnancy and not due to PHPT. It is therefore possible that gestational PHPT is more frequent than previously reported.
Although rare, gestational PHPT may have serious consequences for both mother and child (5, 6, 7) . It has been reported that the rate of maternal complications during pregnancy associated with PHPT can be as high as 67%, most commonly being hyperemesis and nephrolithiasis (4, 5) . More severe complications such as pancreatitis and hypercalcaemic crisis have also been reported, although at extremely high serum calcium levels (6) . In addition, an increased risk of preeclampsia has been shown in women with PHPT (8) . Gestational PHPT may also induce neonatal complications, such as neonatal hypoparathyroidism, hypocalcaemic tetanus, mental retardation and low birth weight (6, 9, 10) .
An association between gestational PHPT and pregnancy loss has been suggested, and so far only one study has been able to determine the rate of pregnancy loss in women with gestational PHPT (5) . The study showed a 3.5 higher rate of spontaneous abortions in women with PHPT. The study also showed that surgical intervention in the second trimester might eliminate the observed increased risk of abortion.
The potential consequences of gestational PHPT are numerous, and may be severe. In general, the literature on this subject is limited to case reports (1, 2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22) and case series (5, 23, 24, 25, 26, 27, 28) , probably due to the low incidence. Several of these studies have deemed that surgery in the second trimester is safe for both mother and child, but their findings are based on a small number of patients. Further examination of this disorder is therefore needed.
The aim of this study was to determine the rate of spontaneous abortions and stillbirths in women with PHPT, by examining a larger study population than that reported in the current literature. We also wish to evaluate neonatal outcomes to determine the effects of gestational PHPT on the newborn.
Subjects and methods
The study was designed as a cohort study, in which exposed subjects were defined as women between 16 and 44 years of age with a diagnosis of PHPT. The PHPT diagnosis was based on the following codes: ICD8 codes: 252.00 (hyperparathyroidismus primarius and adenoma), 252.01 (hyperparathyroidismus primarius and hyperplasia), 252.03 (crisis hyperparathyroidismi), 252.04 (osteitis fibrosa cystica generalisata), 252.05 (Nephrocalcinosis e hyperparathyroidismi), 252.08 (hyperparathyroidismus alia), 252.09 (hyperparathyroidismus) and ICD10 codes: E21.0 (PHPT) and E21.3 (hyperparathyroidism without specification). All patients who were registered in the National Hospital Discharge Register (Sundhedsstyrelsens Landspatientregister, LPR) (29) with a PHPT diagnosis from 1st January 1977 to 31st December 2010 were initially taken into consideration. Among all with a diagnosis of PHPT, women aged 16-44 years were identified, and among these women, pregnancy and outcomes of pregnancy were studied. A total of 1057 women fulfilled the mentioned criteria. For each of these patients, three age-and gender-matched women without PHPT were drawn from the central person register (the national census) from the same period of time.
Information about abortions, live births and stillbirths was obtained through the Abortion Register (from 1977 to 1994 -this register continued from 1995 as a part of LPR, and data from 1995 and onwards were obtained through this register) and the Birth Register (30) (from 1977 to 2010). Furthermore, we were able to obtain serum calcium levels from 41 patients from two of five regions in Denmark.
Primary outcomes were pregnancy, live births, stillbirths and abortions. Secondary outcomes were birth weight, length, Apgar score at 5 min and length of gestation at abortion. Abortion was defined as termination of pregnancy by the removal or expulsion from the uterus of a foetus or embryo before the stage of viability. An abortion can occur spontaneously, in which case it is usually called a miscarriage, or may be induced for other reasons (e.g. medical reasons). It should be noticed that the Abortion Register was subject to uncertainty during the first years, and that the Birth Register is only updated up to and including the first 6 months of 2010. Based on these parameters, a head-to-head comparison between patients and controls was made.
Statistical analysis
Mean and S.D.s. were used as descriptive statistics. Comparisons were made using t-test for two samples, c 2 test, log-rank test, odds ratio (OR), relative risk (RR) and 95% CI. To adjust for gestational age, an adjusted SDS for gestational age and gender was calculated.
Results
A total of 1057 women with PHPT and 3171 controls were identified. The average age among cases was 35.1G0.2 years, and was similar in the control group (35.1G0.1). Table 1 presents the rate of abortions, live births and stillbirths, Apgar score, birth length and birth weight in PHPT patients and controls. In general, no differences were present. Among the PHPT patients, 576 of 1057 (54.5%) underwent parathyroid surgery during the observation period. In general, it did not change the results presented in Table 1 to limit these to women undergoing surgery for PHPT. The only significant difference was that women who subsequently underwent surgery had more episodes of stillbirth (9/576 (1.6%) vs 1/481 (0.2%), ORZ7.6, 95% CI 1.3-44.2, PZ0.023) before the diagnosis was made.
Pregnancy outcomes
We stratified time around the time of diagnosis (TOD) to 1-year interval, respectively, before and after TOD (Figs 1, 2, 3 and 4). This was done to strengthen the temporal component in a potential causality as much as possible. Periods far from the TOD were divided into 4-year intervals.
Women with PHPT did not experience more abortions than women without PHPT at any time during the observation period ( Fig. 1 ). There was a non-significant excess of abortions in the year following the diagnosis of PHPT among cases, RRZ1.5; 95% CI 0.81-2.74, and the average gestation age at the time of abortion was around 10 weeks. Women with PHPT had more live births in the year following the diagnosis, RRZ1.55, P!0.05 ( Fig. 2) , than the controls. There was no difference in the rate of stillbirths in the two groups (Table 1) . However, women with PHPT who subsequently underwent surgery had a higher rate of stillbirths before the TOD, compared with women with PHPT who did not undergo surgery.
In the year following TOD, a greater number of deliveries by cesarean section were observed among cases (approximately double that of the controls). The proportion of cesarean deliveries among cases remained elevated in the subsequent years after TOD. Gestational length among cases seemed to increase in the subsequent years after TOD, although it remained below the control group. The gestational length was never below 260 days (Figs 3 and 4 ).
The neonate
In general, birth weight and birth length of babies born by women with PHPT were similar to the values observed in the control group. There was no difference in Apgar score at 5 min among cases compared with controls (Table 1 ).
Discussion
In this large-scale historic cohort study, few differences in pregnancy-related outcomes compared with controls were present before the diagnosis of PHPT. After the diagnosis was established, more women underwent cesarean delivery -especially within the first year following the diagnosis -probably resulting in reduced gestation length.
The existing literature describing the consequences of gestational PHPT is limited, and mainly consists of case reports or case series (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28) . In total, these studies reported 33 pregnancies in women with PHPT, who did not undergo surgery. Among these 33 pregnancies, 19 (58%) resulted in uneventful deliveries, eight (24%) ended in cesarean delivery and six (18%) in abortions or pre-term deliveries. In the analysis of these case reports, it should be observed that women with health problems in pregnancy, such as impaired growth of the foetus or pregnancy loss, may be more likely to be screened, and thus have their calcium levels measured and therefore have a diagnosis of an otherwise undetected PHPT. This would led to a higher catchment of PHPT in pregnancies with adverse outcomes. A biased reporting may thus have taken place, i.e. only the more severe cases may be reported and especially those resulting in abortions and pre-term deliveries. The number of pregnancies was thus much larger in our study. We were not able to prove a statistically significant association between gestational PHPT and the rate of abortions in the hitherto largest study of its kind. A total of 1057 women with PHPT had their obstetrical history reviewed, showing no increased risk of abortions in patients with PHPT. The 3.5-fold increase in the rate of abortions among women with PHPT shown in the study by Norman et al. , which is a clear strength of our study. Our population represents a broad spectrum of patients with PHPT -mildly as well as severely affected. We therefore cannot rule out that patients with severe PHPT may experience an increase in the rate of abortions. Our study shows that the PHPT diagnosis itself is not associated with an increased risk of abortion. In our study, we stratified time around the TOD, so that we looked at RRs for abortions within 1 year before diagnosis and within 1 year after diagnosis respectively. These smaller time intervals used in our study are more likely to be representative of a causal association between gestational PHPT and the rate of abortions. Furthermore, we made a head-to-head comparison with healthy pregnant women without PHPT to illustrate the difference in the rate of abortions between the two groups, for which Norman et al. (5) used the abortion rate in the general population.
Our study also shows that women with PHPT had more live births in the year following the diagnosis when compared with controls. It is doubtful whether this is caused by PHPT. It is more likely the result of a surveillance bias -pregnant women being more likely to have serum calcium measured, i.e. the diagnosis is made during pregnancy leading to more women giving birth in the year following the diagnosis of PHPT. This may also be the reason why the birth rate declines later. The diagnosis is made, and the woman may not wish further pregnancies as she has had the number of children she wants.
The difference in stillbirth before the diagnosis of PHPT later requiring surgery may suggest that these women had more severe disease. However, we were able to obtain serum calcium levels on 41 patients from two of five regions in Denmark, among whom no differences in plasma calcium levels were present. Twelve of these patients had experienced one or more pregnancy losses before diagnosis, while 29 had not experienced any pregnancy loss before diagnosis. A comparison of mean ion-calcium levels in the two patient groups shows that they were statistically identical (PZ0.20). There were 12 women with no history of live births before diagnosis, and they had a significantly elevated mean ion-calcium level of 1.52G0.14, PZ0.03, when compared with the 29 women who did have a history of live births before diagnosis. More extensive information about serum calcium levels is thus needed to estimate disease severity, as serum calcium levels in these patients, who most often have equilibrium hypercalcaemia, do not always per se reflect the severity of disease. The rate of change in serum calcium levels may of greater importance, as these fluctuations may be more decisive in the development of complications such as renal affection. The length and weight of live born babies were statistically identical when comparing cases with controls. During the first year after diagnosis, gestation length was reduced among cases. However, it should be noticed that more cesarean deliveries took place in the same period of time, probably explaining the reduction in gestation length. After the first year after diagnosis, gestation length increased, but more babies were still delivered by cesarean section. This trend towards cesarean delivery may be due to the fact that after one cesarean section, babies are more likely to be delivered by cesarean section. However, this does not explain the dramatic increase in the proportion of cesarean delivery among cases during the first year after TOD. We therefore cannot exclude that PHPT may increase the risk of delivering by cesarean section. In our data, we did not have access to whether the reason was emergency or elective caesarean delivery, which is a weakness. However, in our opinion, the main figure is the overall rate, as most caesarian deliveries would be planned. Owing to the underlying condition, some departments may opt for elective caesarean delivery.
Although the gestational length is reduced, it does not result in preterm births, as it remains above 259 days (37 weeks), which is the limit for preterm delivery. Also average birth weight seems to remain in the normal zone, and the Apgar score is unaffected as well. It is thus possible that gestational PHPT may increase the risk of delivering by cesarean delivery, although it does not result in preterm delivery and does not seem to compromise the neonate in terms of being underweight. Instead, the maternal PHPT may cause suppression of the parathyroid glands in the neonate, resulting in neonatal hypocalcaemia. In the studies reviewed, neonatal hypocalcaemia was observed in w50% (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28) . It should be noticed that many of these patients did not receive medical treatment during the pregnancy, as PHPT was diagnosed afterwards. Several studies have reported the absence of neonatal hypocalcaemia when the pregnant women are treated conservatively during the pregnancy. Furthermore, it was possible to correct hypocalcaemia in the newborn through calcium infusions in almost every case, and without complications for the newborn.
Several studies have deemed surgery in the second trimester as safe and of benefit for the pregnant women (5, 6, 7, 16, 24, 26) . In the study by Norman et al. (5) , most pregnancies were lost before or in week 13 (21/30 -70%), i.e. before the second trimester, and as surgery was performed in the second trimester not all pregnancy losses could be prevented. Our study illustrates the same tendency of abortions occurring before the second trimester as the average week of abortion was around week 10. The lower week of abortion in our study was due to induced abortions (abortus provocatus), which by law cannot be performed later than week 12. From our study, it is thus questionable if surgery in the second trimester (weeks 14-26) would prevent many abortions in a broad spectrum of PHPT patients, especially when the PHPT diagnosis itself does not seem to be a risk factor for abortions. However, we are not able to make any statements regarding the risk of abortions in severely affected patients, as this would require a serum calcium stratification in the 1057 women. It was unfortunately not possible to obtain such data. Parathyroidectomy in the second trimester might therefore still be of benefit for women with severe PHPT, as stated in the current literature. Some would say that the purpose of surgery is to prevent neonatal hypocalcaemia, which indeed can be achieved by surgery. But as the condition can be successfully corrected by medical treatment and without serious consequences for the newborn, it should be held up against the risk in relation to surgery (infection, complications to anesthesia, etc.). The strategy should thus be considered carefully.
There is a large spectrum of PHPT and it is highly likely that severe symptomatic disease has different maternofoetal effects compared with mild disease. Women requiring surgery have more advanced disease than those not requiring surgery. In our study, no differences were present between those undergoing surgery and those not undergoing surgery, which may corroborate the absence of a detrimental effect of PHPT on pregnancy outcomes. Among the patients whose biochemical data were available, the level of plasma calcium was in the range for which surgery is advocated in non-pregnant patients according to the international guidelines, which are also followed in Denmark (31, 32) .
The major limitations of our study are the retrospective design and the fact that it is register based. A further weakness is the lack of information on the rate of neonatal hypocalcaemia. However, infant outcomes evaluated by other measures seemed identical. As it was not possible to obtain serum calcium, PTH and vitamin D levels from the 1057 women with a diagnosis of PHPT, the specific criteria for diagnosis in each case are unknown, which is another limitation of our study. In general, the validity of the codes is high in the National Hospital Discharge Register (29, 30) . The diagnosis of PHPT is rigorous and based on measurements of plasma PTH, plasma calcium, urinary calcium, plasma phosphate levels, and for localisation diagnosis sestamibi scintigraphy (although this is not possible in pregnancy) and ultrasound of the parathyroids. In some cases, genetic testing is carried out to eliminate familial hypocalciuric hypercalcaemia. Also, among the 41 patients whose serum calcium levels were available, the diagnosis was confirmed in all, therefore in general misclassification seems limited.
Conclusion
In conclusion, a diagnosis of PHPT does not seem to be associated with an increased risk of abortions, but might be associated with an increased risk of delivering by cesarean section. As our results are based on a broad spectrum of PHPT patients, we conclude that mildly affected patients do not have an increased risk of abortions. Parathyroidectomy in the second trimester may thus not reduce the risk of abortions in these patients. However, it is uncertain whether severe PHPT could increase the risk of abortions. Parathyroidectomy in the second trimester might therefore still be of benefit for severely affected patients, although this requires further research.
